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1.0 INTRODUCTION

There is great interest in replacing steel pipe with
fiberglass-reinforced plastic pipe (FGP) in commercial vessel and
warship piping systems. In many of these systems, FGP appears to
offer substantial savings in weight and cost over the operating
life of the vessel. However, there is concern regarding the fire
resistance of FGP. Considerable caution must therefore be used
in establishing the criteria for determining FGP's acceptability
for specific applications.

United States Coast Guard guidelines for the use of FGP are
contained in Navigation and Vessel Inspection Circular (NVIC)
11-86 (Reference 1) which was issued in 1986. Enclosure (1) of
this NVIC contains general design and installation requirements
for FGP systems on Coast Guard-inspected vessels. It also
contains a listing of specific applications in which FGP is
considered to be acceptable, and a second listing of unacceptable
applications. NVIC 11-86 states that in order for FGP to replace
steel pipe in systems from which it is currently prohibited, it
must be shown that the fire endurance of the FGP, as installed,
is equivalent to that of steel pipe.

Equivalency to steel pipe is to be demonstrated by
subjecting FGP samples to a one hour fire test at 1700°F (927°C).
Three samples must be tested: one empty, one partially filled
with fluid, and one completely filled. After the test, each pipe
should be capable of withstanding a hydrostatic pressure equal to
its rated pressure without failure or appreciable leakage.
Equivalency does not have to be demonstrated unless it is
proposed that FGP be used in an application specifically
prohibited by Section 3.b of NVIC 11-86. It is recognized that
fire resistance may be a relatively minor consideration for some
FGP applications.

There is a great variety of possible shipboard applications
of fiberglass pipe, and approval for its use should be evaluated
on a system by system basis. This approval would take into
account not only the fire resistance of the piping material, but
also the consequences of a loss of system integrity.

Questions arose concerning how stringent the acceptance
criteria for FGP should be. In most cases, FGP was being
proposed as a replacement for steel pipe. It was therefore
reasoned that if a fire occurred, the FGP did not have to outlast
the steel piping. This in turn focused attention on the question
of how severe a fire exposure the piping systems should be able
to survive. It should be pointed out that although the steel
piping might be able to withstand a fire for a very long time,
system integrity would be maintained only for as long as the
piping joints, the gaskets and the pipe supports lasted.




Rather than adopting a single temperature/duration criteria
test for all FGP shipboard piping, regulatory groups have pursued
the concept of graded levels of fire endurance. Each level would
represent the requirements appropriate for a different type of
piping system and/or a different location aboard ship. The
principal factors to be considered in establishing the different
levels of fire resistance are:

1. Possible severity of fire and length of time before
extinguishment can reasonably be expected.

2. Nature of the fluid contained within the piping
(e.g., flammable or nonflammable).

3. Importance of the piping system to the operation or
safety of the vessel (e.g., vital or nonvital).

Subsequent tc the issuance of NVIC 11-86, the International
Association of Clessification Societies (IACS) submitted a group
of proposed fire protection requirements for plastic piping
(Reference 2) to International Maritime Organization (IMO). The
IACS acceptance criteria for plastic pipe were based on three
levels of fire endurance requirements. These levels were
designed to take into account the variation in severity of actual
fires, as well as different possible consequences of piping
failure resulting from fire. The fire endurance levels proposed
by IACS were essentially as follows:

Level 1 (L1): Piping under dry conditions can endure a
hydrocarbon fire of long duration without
loss of integrity.

Level 2 (L2): Piping under dry conditions can endure a
hydrocarbon fire for a shorter, but still
appreciable, period without loss of
integrity. The duration selected for the L2
test, 30 minutes, was intended to be
sufficient "to permit preventive or
precautionary actions to be taken."

Level 3 (L3): Waterfilled piping can endure a local fire
for an appreciable period without losing its
ability to function satisfactorily after the
fire has been extinguished.

The IACS proposal also included a table of fire endurance
requirements covering a variety of piping systems and locations
aboard ship.

The IACS recommended that fire endurance corresponding to
Levels 1 and 2 should be demonstrated by testing dry plastic pipe
in a temperature-controlled furnace. For Level 3 testing, IACS
proposed a test method in which horizontal water-filled pipe is
subjected to flames produced by an array of propane burners
located below the pipe.




2.0 OBJECTIVE

The objective of this work was to evaluate several fire
endurance test methods being considered by the International
Maritime Organization for use in establishing the acceptability
of fiberglass piping for shipboard systems.

This report covers an extended investigation by the U.S.
Coast Guard into the fire endurance of fiberglass piping
materials.

The investigation consisted of three test phases. Phase 1
investigated the fire endurance of large diameter piping
subjected to a large hydrocarbon liquid pool fire. Phase 2
examined the performance of small diameter piping exposed to
flames produced by a propane burner array. This test method was
proposed for International Maritime Organization (IMN)
consideration by the International Association of Classification
Societies (IACS). Phase 3 investigated the performance of small
to medium diameter piping exposed to a localized fire in a
simulated machinery space.

3.0 PHASE 1 TESTS: Large Hydrocarlon Liquid Pool Fires

3.1 Phase 1 Objectives

The objectives of this test series were (1) to evaluate
the endurance of FGP, compared to that of steel pipe, during one
hour large hydrocarbon pool fires, and (2) to determine whether
large hydrocarbon pool fires are sufficiently reproducible to
justify their use as a standardized fire test method.

3.2 Technical Approach

Phase 1 tests investigated the fire endurance of large
FGP and steel piping assemblies containing fittings, flanges and
simulated valves. These tests simulated on-deck piping runs
exposed directly to a large hydrocarbon pool fire. Concurrent
with the design of the Phase 1 tests, the American Society for
Testing and Materials (ASTM) was developing a test procedure for
simulating the effect of large hydrocarbon pool fires on
structural members (Reference 3). The proposed ASTM test method
was used as a guide in developing portions of the Phase 1 test
procedures.

A distinguishing feature of large hydrocarbon pool
fires is the rapid development of high temperatures and heat
flux. The ASTM test method required that test specimens be
subjected to an incident heat flux of 55,000 BTU/sq ft/hr
(173,500 W/sq m) and a temperature between 1700°F (927°C) and
2300°F (1260°C). These flux and temperature levels are to be
reached within the first five minutes and maintained for the
remaining 55 minutes of the one hour test.




The ASTM test method was used as a guide instead of the
IMO Standard Fire Test (Chapter I1-2, Regulation 3 of Reference
4) because the latter is intended for simulating interior fires
which are ventilation-controlled and not as intense as a
hydrocarbon pool fire.

3.3 Test Setup

Phase 1 testing was conducted at the U.S. Coast Guard
Fire & Safety Test Detachment in Mobile, Alabama. The fire tests
were run aboard the test vessel ALBERT E. WATTS at Little Sand
Island.

Stezl coamings were erected on the main deck to form a
fire test pan 20 feet (6.1 m) long by 12 feet (3.7 m) wide
(Figure 3-1). A safety pan was constructed around the fire pan,
as a means of containing any fuel or water which might spill or
leak from the fire pan. Fire containment barriers, firemain
piping, and structural modifications were added to the deck where
needed.

Four FGP and four steel pipe assemblies were tested.
Each test pipe assembly was 30 feet (9.1 m) long and included
three types of fittings (Figures 3-2 and 3-3). Each fire test
involved a fiberglass pipe assembly and a similar steel pipe
assembly with the same nominal pipe diameter. The two assemblies
were supported horizontally, parallel to each other above the
center of the fire pan, and approximately one foot (0.3 m) apart
(Figure 3-4). The ends of the pipe assemblies extended 5 feet
(1.5 m) beyond the fire pan coamings on each side. Supports for
the pipe assemblies were located both inside and outside the fire
pan. In the fire pan, the supports were 15 feet (4.6 m) apart.

3.4 Test Specimens

The test specimens included four 10-inch pipe
assemblies (two steel and two FGP) and four 8-inch pipe
assemblies (two steel and two FGP). None of the pipes or
fittings were protected with insulation. Fabrication of all
fiberglass pipe assemblies was directed and supervised by a
representative of the fiberglass pipe manufacturer.

Two types of epoxy fiberglass piping were tested. The
10-inch piping (Tests 1 and 2) consisted of filament-wound
fiberglass epoxy resin pipe with conductive filaments (carbon
fibers) in the pipe wall to prevent the buildup of static
electrical charges. The piping was light brown with black
strands visible. The 8-inch piping (Tests 3 and 4) consisted of
filament-wound fiberglass epoxy resin pipe with a 0.02-inch (0.5
mm) integral resin-rich epoxy liner. It did not contain the
conductive filaments, and was black in color.
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Fittings incorporated into the test pipe assemblies
included flanges, socket and spigot couplings, flanged elbows,
flanged reducing tees, socket reducing tees, and simulated
valves. The pipe and fittings were rated for 150 psi (1034 kPa)
operating pressure.

The steel piping was Schedule 40 ASTM Specification A53
Grade B pipe. Steel slip-on welding flanges were ASTM
Specification Al105, 150-pound class. Standard Grade S5 bolts were
used in the flanges. One-eighth inch (3 mm) thick marine gaskets
(composed of 80% chrysotile asbestos encapsulated in synthetic
rubber) were placed between the flanges.

Additional information on the pipes and fittings is
included in Appendix A.

3.5 Instrumentation

Ambient conditions were measured during every test.
These included wind direction, wind speed, barometric pressure,
and ambient temperature. Thermocouples were used to measure
temperatures in the flames and on the piping. Calorimeters were
used to measure incident heat flux experienced by the piping.
The gas velocity of the flames near the piping and the oxygen
concentration around the piping were also measured in each test.
The flow rate and temperature of the water in the pipes were also
measured. The internal pressure buildup was measured in the
pipes for tests 1 and 2. Relief valves were installed in the end
of these pipes to prevent an explosion. A computer data
acquisition system was used to record the various channels of
test data.

Color video cameras, an infrared camera, and 35 mm
cameras were used to document the tests. Time-date generators
were used with the video recordings.

3.6 Procedures

Marine diesel fuel o0il was used as the test fuel.
Fresh fuel was used in each test. The fuel was floated on top of
a layer of water inside the test pan. The water layer, which was
at least 6 inches (152 mm) deep, protected the ship's deck from
heat and flame damage. Three hundred gallons (1135 liters) of
fuel were used in a pretest. For Tests 1 through 4, the amounts
of fuel were 1200, 1500, 1700 and 1700 gallons (4540, 5680, 6435
and 6435 liters), respectively. In each test, 20 gallons (76
liters) of mineral spirits were added prior to ignition to
promote rapid burning across the fuel surface.




Since these tests were run outdoors, 1t was necessary
to 1limit the effect of wind conditions as much as possible.
Therefore, tests were not begun if wind velocity exceeded 5 miles
per hour (2.2 m/sec).

A pretest fire was conducted prior to Test 1 to ensure
that all instrumentation was functioning properly and to insure
that the proper heat flux was being produced.

Conditions of the pipes for the four tests were as
follows:

Test 1 (10-inch pipe, dry): Both pipes were initially
pressurized with air at 13 psig (90 kPa).

Test 2 (10-inch pipe, stagnant water): Both pipes
were filled with water and then pressurized at
20 to 25 psig (138 to 172 kPa).

Test 3 (8-inch pipe, flowing water): Both pipes were
full of flowing water; the flow rate through
each pipe was 210 to 260 gallons per minute
(795 to 984 1lpm) at a pressure of 4 to 10 psig
(28 to 69 kPa).

Test 4 (8-inch pipe, mixed conditions) The fiberglass
pipe was filled with stagnant water and then
pressurized at 13 psig (90 kPa). The steel
pipe was dry (full of unpressurized air) for
the initial 20 minutes of the test; during the
remainder of the test, the pipe was full of
flowing water (210 to 260 gallons per minute)
(795 to 984 1pm).

3.7 Results

The test results are summarized in the following
paragraphs. Timing of events is expressed as Test Time (TT),
which is the elapsed time (minutes: seconds) between ignition of
the test fuel and the observed event.

Pretest:

Within one minute after ignition, the flames had spread
across the entire fuel surface inside the test pan.
Full flame involvement inside the pan lasted for 17
minutes, during which flame temperatures of 2370°F
(1300°C) were recorded. Heat from the fire was
sufficient to cause buckling of the deck plating
adjacent to the walls of the pan. The high flux
readings indicated that calorimeters located in the
flames would have to be cooled and insulated to avoid
damage.
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Test 1: (10-inch pipe, dry)

The FGP lost pressure at approximately TT 2:00. The
middle tee fitting collapsed at TT 3:00. Glue in two
FGP joints deteriorated thus allowing the pipe to pull
out of the joint and collapse in the fire pan. The FGP
suffered moderate to severe damage at all of the
remaining 11 joints. The FGP was so severely damaged
from the fire that it could not be pressure-tested.

The steel pipe lost pressure at TT 10:40, but remained
intact. Because of damage to its joint gaskets, the
steel pipe would not hold pressure after the fire test.

Test 2: (10-inch pipe, stagnant water)

The 6-inch FGP pipe separated from the 10" x 6" (254 mm
X 152 mm) reducer bushing at the tee fitting at TT
4:00. Internal pressure in the FGP was approximately
50 psig (345 kPa) when separation occurred. Two other
joints also failed later in the fire; in each case
failure occurred when the pipe pulled horizontally out
of the joint. The steel pipe remained intact
throughout the test. At TT 16:34, a joint gasket in
the steel pipe failed, relieving the internal pressure.

Test 3: (8-inch pipe, flowing water)

The FGP remained inplace during the entire test.
Leakage occurred at the FGP tee at TT 29:00. Shortly
thereafter the outer layers of the FGP began
delaminating. During the post-fire pressure test, the
reducer bushing at the tee was forced out of the joint
when the internal pressure reached approximately 20
psig (138 kPa). The steel pipe remained intact during
the entire test, with no visible damage and no leakage
at the flange gaskets.

Test 4: (8-inch pipe, mixed conditions)

The FGP lost pressure at TT 1:15. At TT 6:00 the upper
horizontal section collapsed, followed by the vertical
section at TT 12:00. None of the FGP fittings failed
by pulling apart longitudinally. The steel pipe
remained intact during the entire test. Almost
immediately after water flow began in the steel pipe
(at TT 20:00), leakage occurred at all the flanged
joints in the horizontal sections of the pipe. (No
leakage was observed in the vertical pipe sections).

Flame temperatures above the middle of the test pipes
are plotted in Figure 3-5 for Tests 1 through 4. The data shows
that there was a considerable difference in sustained temperature
levels for these four tests. Part of the variation can be

11
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attributed to relatively small changes in wind speed and
direction between the tests (all of which were conducted under
low-wind conditions).

Heat flux data is shown in Figure 3-6. The
calorimeters were destroyed early in the pretest fire due to
failure of the calorimeter water cooling system.

4.0 PHASE 2 TESTS: IACS Propane Burner Assembly

4.1 Phase 2 Objective

The objective of the Phase 2 testing was to evaluate
the fire endurance test method proposed by the International
Association of Classification Societies (IACS) (Reference 2) to
determine its suitability as a Level 3 fire endurance test for
water-filled piping. The test method had been considered for
adoption by the International Maritime Organization (IMO) as a
standard test method.

According to Reference 2, a Level 3 fire endurance "is
considered to provide fire endurance necessary for a water filled
piping system to survive a local fire for a period sufficient to
allow fire extinguishing systems to be activated. The objective
of requiring such a fire endurance standard is to enable
restarting a system after a fire has been put out".

Specific objectives of the Phase 2 tests were as
follows:

a. Determine whether the test apparatus can be set up
and operated as specified in the IACS test method.

b. Determine whether a propane flow rate of 5 kg (11
1b) per hour (as specified in the IACS test method)
produces the required heat output from the test
apparatus.

c. Determine whether the test method is suitable for
large diameter pipes.

d. Determine the effect of pipe support conditions on
fire endurance (i.e., compare the results for the
case where the pipe is fixed at one support and
free at the other with results for the case where
the pipe is fixed at both supports).

e. Determine whether water leakage from the test pipe

can be measured satisfactorily during the fire
tests.

13
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4.2 Technical Approach

The burner array described in the proposed IACS Level 3
fire endurance test method (Figure 4-1) was assembled, together
with other necessary apparatus, at the U.S. Coast Guard Fire and
Safety Test Detachment in Mobile, Alabama.

Calibration tests were made without piping samples to
obtain time-temperature data and incident heat flux values at
different heights above the burner array. These calibration
tests were conducted using the burner fuel flow rate specified by
the IACS test method.

Fire tests were conducted on a number of small-diameter
(1-, 2-, 3-, and 4-inch nominal pipe size) fiberglass piping
samples of various types, with and without couplings. Carbon
steel and copper-nickel samples were also tested. Where
couplings were used, they were positioned directly above the
burner array to simulate worst-case conditions.

Seven calibration tests without piping and 21 fire
tests with piping were conducted.

4.3 Test Setup

The burner array was fabricated and set up as described
in the proposal which IACS had submitted to IMO (Reference 2).
The array consisted of ten individual propane burners (Sievert
No. 2942) connected to a manifold, as shown in Figure 4-1. Since
the burner design did not include an integral control valve for
adjusting individual flame heights, a needle valve was installed
for this purpose between each burner and the manifold. The
burners were installed in the manifold in two rows of five
burners, as shown in Figure 4-1. The layout of the test
apparatus is shown schematically in Figure 4-2.

The IACS test method specifies that propane (minimum
purity of 95 percent) be used as the burner fuel and that the
total heat output from all ten burners be maintained at 65 kW
(221,800 BTU/hr) corresponding to a total propane flow rate of 5
kg (11 1b) per hour). The test method requires that propane
consumption be measured to an accuracy of +/- 3 percent. The
fuel system used for these tests consisted of a propane tank
suspended from a load cell weight monitoring system, and a fuel
supply piping system which included a manual regulator valve an